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As repor t e d  by t he Food Prot e c t ion Commi t t ee of t he Nat ional Acad­
emy of S ci ence s , t he c ause of abou t half of t he f ood borne i l lnes se s  
re cord e d  since 195 7 have been dismi s s ed a s  unknown· (JO). In t he 19 7 6  
issue o f  Food born and Wat erborne D i s e a s e  Ou tbreaks by t he Cent er for 
Diseas e Cont rol, i t  wa s s t ated t hat of 45 8 f oodborne d i s e a s e  ou tbreaks 
report e d  in 19 7 4, no specif ic e t iological agent was de t er mi ned for 255 
or 56% of t he c a s e s  (6). It is thought that agent s  not d e t e c table by 
convent ional l abor�t ory met hods may be responsible f or t he s e  undet er­
mine d· i l lne s se s . P revious wor k in f ood microbi ology d e a l s  wit h t he 
pre sence of aerobe s , f a cu l t at ive anaerobe s , and t he t wo s po re f or ming 
obliga t e  anae robe s C los t r id ium perfr ingen s an d Clostridium bo tulinum . 
The re ha s been no known p r evious work in t he fie ld of f ood mi crobi ology 
which d e a l s  wi t h  ot her species of C los t ridium and any of t he non-spore ­
f orming obl ig a t e  anaer obe s as respons ible f or f oodborne i llne s s e s . 
It has long be en known that t he major source of t he f a cu l t at ive 
anaer obes and C los t r i d i um respons ible f or t he known forms of ba c t e r i a l  
f ood poi s on i ng i s  t he human inte s t ine at leve ls o f  10
10 c e l l s /g .  Wi t hi n  
t he las t t hr e e  years , obligate anaerobe s a l s o  have be en f ou nd i n  the in­
t e s t ine a t  leve l s  of 10 11 cells /g .  These obl iga t e  ana e r obe s have been 
implicat e d  as t he p at hogens respons ible f or many of t he 
"s t erile abce s s e s " 
in humans in the p a s t . These obligate anaerobe s have been f oun d to re­
sis t 1 hr expos u r e s  t o  room air wit h  lit t le los s  in v iabi l i ty t hu s ,  
demons t r a t i ng t h e i r  abi l i t y  to be aerobic ally t ran s fe r r e d  f rom f e ce s t o  
f ood . St ud ie s have shown t hat the tradit ional bact e r i a l  food p ois oning 
age�t s are not de s t roy e d  by f reezing and are p re s ent a f t e r  t hawing 
in high numbe rs in many f ood s amp le s .  This might a l s o  be t rue f or 
t he sporef orming and non- spore f orm·ing obl iga t e  anaerobe s a s  we ll. 
The pre s e nt s t udy was undertaken to de termine t he kinds and num­
bers of oblig ate anae robe s p os s ibly p resent in various f rozen and 
refrigerated c omme rc i a l  convenience f oods . Als o, known numbe rs of 
pat hog en i c  s p ec ie s  of obligate anaerobes were added t o  various c on­
venie nce f oods and s tored a t  refrigeration and f re e zi ng t empe ra t ures 
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to de termine t he ir die-of f or los s  in viabi lity. The condi t i ons inve s ­
t iga t e d  i nc lude d  t he e f f e c t s  o f  dif f erent organ isms, di f f erent f oods , 
dif f e ren t t e mperatures , and variou s  s t orage t ime p e ri ods . 
The res u l t s  of t his inve s t ig a t i on demonstra t e  t o  f ood p rodu ce rs 
as we ll as c onsu me rs that the p os s ibility does e xi s t  f or the p re se nce 
of non-sp oref orming oblig ate anaerobe s in f rozen or ref ri g e ra t e d  con­
venienc e  f oods . 
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LITERATURE REV IEW 
Accord ing t o  t he Food Protec t ion Commit t e e  of t he National Academy 
of S cience s ,  no spe cific e t iologica l  agent has be en d e t er mine d  in about 
hal f  of the foodborne illne s s e s  r�corded s ince 195 7 .  In a 1976 is s ue of 
Foodborne and Waterborne Disease Outbreaks by t he Nat ional Cen t e r  for 
Disease C on t r ol ,  of 45 8 food borne disease ·ou t breaks r epor te d ,  2 5 5  wer e 
at tributed t o  unknown causes .  This is approximat e ly 5 6% of t he t ot al 
(6). Al t hough lack of app r opr iate s amp le s  and inad equ at e  l aborat ory 
suppor t may be c ont r ibu ting fac t ors , bac t e r ial or ot he r  agent s not 
de t ect able by c onventional laborat ory p r ocedures are pr obably respon­
sible f or many foodborne illnes se s  (30) . 
Centraliz ation of indus t ry which result s in mas s  p r odu ct ion and 
large-s cal e  marke t ing involves pot en t ial microbiological r is ks on a 
con s id e r able s cale . The increased produ c t ion of p r ec ooke d  foods which 
are not su bje c t  t o  cooking by t he consumer and of mild ly p roce s s ed 
prod uct s store d for long p eriods of t ime at t emperat u r e s  at or above 
f re ezing is the s our ce of thes e  ris ks (30) . 
The re ar e at p r e s en t  no p ublished repor t s  in t he fie l d  of food 
microbiology d e a ling wit h non-sporef orming obligat e an aerobes as bac-
t e r ia re sponsible for food borne il lne s s e s .  There hav e however, been 
a large numb e r  of pu blicat ions abou t f oodborne il lne s s e s  in r e gard to 
var ious specie s of the ana�robic sporeforming genus C l os t ridium (7, 8, 
9 12 13 28 34 39) The Cause of t he s e cond highe s t  r e cord e d  number ' ' , , ' . 
of f ood p ois oning cases in the Unit ed St ates is the s pore forming, obli­
gat e an ae r obe Clos t r idium per fringens (19 ). Al though t his organism 
has been known for some time to be responsible for the pathological 
condition known as gas gangrene, it is only within the past 30 years 
that Clostridium perf ringens was shown to be a very important food 
poisoning agent ( 25) . 
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Pathogenicity of obligate anaerobes. Many of the non-sporeforming 
anaerobes are pathogenic in that they are responsible for about 4 to 10% 
of the bacterial absesses and septicemias with a high morbidity rate in 
man (11, 3) . Patients exhibit necrotizing cellulitis and symptoms of 
generalized toxemia (2) . Endotoxic lipopolysaccharides (LPS) have been 
isolated and purified from genera of non-sporef orming anaerobes in­
cluding : Veillonella, Fusobacterium, Bacteroides, Leptotrichia, and 
Sphaerophorus. LPS from Bacteroides melaninogenicus were found to be 
pyrogenic and produced a local Shwartzman phenomenon in rabbits . Rab­
bits responded with fever to submicrogram quantities of Veillonella LPS . 
Purified LPS from Fusobacterium proved to be a potent endotoxin when it 
was assayed for the capacity to alter the dermal reactivity in rabbits 
to epinephrine. Evidence also suggests that these bacteria interfere 
with vitamin Biz absorption in the lumen of the small intestine of man 
(2) . Other studies have shown that various anaerobes may actively pene­
trate the intestinal wail. Thus the organisms presented are pathogenic 
in several ways. If a food is assumed to be heavily contaminated with 
one or more non-sporeforming obligate anaerobes, it may be possible that 
t he s e organisms might be responsible for a foodborne illness • 
. Obligat e  anaerobe s in the human intest ine. Recent studies have shown 
that large percentages of both sporef orming and non-sporef orming 
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obligate anaerobes normally reside in the lower human intestinal tract 
(2, 18 , 26, 27, 3 2 ) .  Bacteroides fragilis was the non-sporeforming 
anaerobe most frequently isolated from human feces (32) . Other genera 
of anaerobic bacteria which were present at 5 . 0% or less of the total 
cell count included Eubacterium, Lactobacillus, Butyrivibrio, Fuso­
bacterium, Clostridium, Peptostreptococcus, and Peptococcus (26) . Sub­
species of Bacteroides fragilis were found to number approximately 1011 
cells/g (dry weight) (2 6) . The genus Eubacterium numbered 109 cells/g, 
Clostridium 1010 cells/g, Bifidobacterium 109 cells/g, anaerobic cocci 
109 cells/g, Escherichia 1010 cells/g, enterococci 109 cells/g, and 
other streptococci 109 cells/g (26) . Thus, it is evident that these 
pathogenic bacteria are present�in enormous numbers in the lower intes­
tine of man. 
Intestinal bacteria in convenience foods. Previous studies reported the 
presence of coliform and other fecal aerobic and f acultatively anaerobic 
organisms in frozen foods (4, 7, 12, 13, 16, 19 , 20, 24, 30) . Total 
bacterial counts ranged from 5 x 104 to 10 x 104/g of frozen meat pies. 
In most cases, fecal streptococci outnumbered coliform bacteria (20) . 
In a study involving breaded onion rings, coliform bacteria ranged from 
90 to 28, 000 cells/g with ·a mean of 3000 cells/g (24) . Precooked, 
fresh-frozen foods including chicken chow mein and chicken salad were 
analyzed and counts of coliform bacteria were found as high.as 782, 000 
cells/g with a median o f  3000 cells/g and staphylococci as high as 
20 , 000 cells/g (13). When studying poultry pies, Ercole and Ordal 
found coliform bacterial counts up to 2 , 100 cells/g, enterococci 
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up to 160, 000 cells/g, and staphylococci up to 390, 000 cells/g (4) . 
All of the above publications cited mishandling of food as the 
primary cause of bacterial contamination. In effect, actual handling of 
the food contributes a great amount of contamination. Thus, since 
coliform bacteria, fecal streptococci and other fecal originated orga­
nisms are introduced in foods in significant numbers, it may be that 
non-sporef orming obligately anaerobic bacteria are also introduced in 
significant numbers. 
It has already been pointed out that the obligate anaerobe Clos­
tridium perfringens, discovered only 30 years ago, is the second most 
frequent organism to cause food poisoning. This organism is also pre­
sent at levels of 1010 cells/g in feces of man (26). Thus, it is evi­
dent that non-sporeforming obligately anaerobic bacteria might also pose 
a significant problem. 
Survival of microorganisms· in frozen convenience foods. Since the vast 
majority of commercial convenience foods are packed, stored and shipped 
while frozen, it is important to consider the effect of freezing and 
storage on microorganisms. 
Although the effect of freezing on microorganisms varies somewhat 
from genus to genus, several factors seem to be common to all. These 
include: 1) a sudden mortality observed immediately on freezing, which 
varies with the species, 2) the proportion of cells surviving innne­
diately after freezing is nearly independent of the rate of freezing, 
3) the cells which are still viable immediately after freezing die 
gradually when stored in the frozen state, and 4) the decline in 
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numbers is relatively rapid at temperatures just below the freezing 
point. This is especially true at -2 C, less so at lower temperatures, 
and it is usually very slow below -20 C (19) . Thus, freezing should not 
be regarded as a means of destroying foodborne microorganisms (19). 
Experiments with Clostridium perfringens and Clostridium botulinum 
in frozen foods verified the above statements for these obligate anaer­
obes (12, 15, 16, 39) . Clostridium perfringens was found to increase 
spore production about 2 logarithms in 16 hours in vacuum sealed samples 
of hamburger, roast beef, and turkey that had been heat shocked and held 
at 37 C (9) . Samples of chicken meat after freeze-dehydration and 
rehydration were shown to support a survival of 8 1% for Clostridium 
sporogenes. This study pointed out the natural selection for anaerobic 
sporef orming bacteria and a need for consumer education in product 
handling for safety purposes (7). 
Some new problems caused by convenience foods. The utilization of 
commercially prepared foods in homes and in chain food-service estab­
lishments raises new problems not thoroughly investigated by micro­
biologists (30) . Microwave heating of precooked chicken has been found 
to warm the center of an average sized piece of chicken from 49 C to 
84 C, at a power setting· of 2 KW, for a 45 to 90 second exposure. 
Differences in the conformation and composition of pieces accounted for 
the presence of cold spots. This heat treatment is not considered to be 
adequate to eliminate the possibility of Clostridium perfringens food 
poisoning (8). Vacuum sealed meats provide an environment suitable 
·for Clostridium perfringens to grow and sporulate (9) . It may be 
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possible that o ther non-sporeforming obligat e  anaerobe s  may a lso survive 
microwave heating , or become int roduced int o  a vacuum sealed meat pack­
a ge . Poult r y  p o t  p ies baked at 425 F f or 40 minutes had a maximum 
cen t e r  int e rnal temperature which ranged from 165 F to 189 F (4). The se 
t empera tures were suf f icient t o  destroy non-sp oreforming organisms, 
suc h  ·as c o l i form bac t er ia , ent e rococcus , S a lmonel l a  and p aracolons , but 
if the b aking t emperature was not as high as 425 F or if the b aking t ime 
was shor t ened t o  30 minutes,  some bac teria survived.  A b ak ing t i me o f  
only 30 minu t es a llowed a c oagulase-posit ive st aphylo co ccus count of 
1 , 300 c e lls/g and an enterococus count of 330 cells/g t o  o ccur in many 
samp les (4) . 
Environmental tolerance o f  obl igate anaerobe s .  It has been shown that 
non-sporef orming ob ligate anae robes are somewha t  aero t o le r an t  and migh t 
be f ound in unexpe cted places . Marp les and McGinley f ound the mos t  
common microorganisms resident on the skin o f  the head and upper trunk 
of man are anaerob ic  diphtheroids, most of which were char a c t er iz ed as 
the ob ligat e anaerobe P ropionibacte rium acnes (2 3) . 
In studies on the effects of oxygen and of oxida t i on-re duc t ion on 
obligate anaerobes, Hentges conclud ed that oxygen tens i on rather than 
oxida t ion- reduct ion potential is the crit ical f ac tor reg ard ing inhibi­
t ion o f  the growth cf Eac teroides .fragi lis, P �ptoc:_occu s magnus, Clos­
tridi�m �f r ingens and C lostrid ium acetobutylic um (14 , 22 , 41). 
Loesche , in studies on the oxygen s ensit�vity o f  various anaerobic 
bacteria , found that anaerobes can be ranked int o th·cee major gr oups 
ac cord ing to thP.ir s e�s it ivity to oxygen in sh?l low ugar p l ates '22). 
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Strict anaerobes were those with no growth at oxygen tensions greater 
than 0. 5% oxygen. This group contains the genus Treponema and various 
Lachnospira, Selenomonas and Butyrivibrio. Moderate anaerobes grew 
routinely at oxygen tensions greater than 0 . 5% and up to about 3. 0% . 
This group included most of the genera of Bacteroides, Fusobacterium, 
Clostridium, and Peptostreptococcus. Microaerophiles that grew in from 
oxygen tensions 5 . 0% to 10% were represented by the genus Vibrio. Some 
overlapping occurred in these last two ranges by Bacteroides fragilis 
and Fusobacterium nucleatum. In some cases there was a large variation 
even between strains (22). 
Another interesting study made by Loesche involves exposure of 
strict and moderate anaerobes to an aerobic room atmosphere after they 
had been streaked on agar plates. He found that Bacteroides fragilis 
could achieve 100% maximal growth after a 300 minute exposure, Fuso­
bacterium nucleatum, a 79% growth after 100 minutes, and Treponema 
macrodentium, a 75% growth after 40 minutes (22). Thus, it is evident 
that various obligate anaerobes have the capacity to multiply in an 
environment containing as much as 3 . 0% molecular oxygen and to survive 
open exposure to room atmosphere for at least one hour with almost no 
loss in viability. Work by Foster on Clostridium botulinum has shown 
that this anaerobe can grow well under a shallow layer of meat gravy 
that is continually exposed to room atmosphere. Facultatively anaerobic 
organisms, such as Escherichia coli in a mixed culture with an obligate 
anaerobe, have been found able to consume oxygen so that even the most 
oxygen sensitive anaerobes such as Methanobacillus omelianskii we�e 
provided with a very suitable environment (35) . This again may be 
illustrated in work done by Post, on Bacteroides in sewage (33) . It 
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was found that once sewage enters a treatment plant, the decline in 
numbers of Bacteroides more or less parallels the decline in coliform 
bacterial counts. Counts on Bacteroides in raw sewage environments were 
found to be at least 2. 2 x 103 cells/ml. 
One might conclude that obligate anaerobes alone or with the assis­
tance of f acultative anaerobes to remove molecular oxygen, could grow 
wherever there were suitable nutrients. 
Sporeforming obligate anaerobes in soils. It is evident that many 
vegetable foods may pick up clostridial species from the soil in which 
they grow in as indicated by st4dies on the clostridial content of 21 _ 
soil samples. Two hundred thirty-two strains of sporeforming obligate 
anaerobes were isolated from random soil samples. Species of Clos­
tridium including subterminale, sordellii, sporogenes, bifermentans, 
perfringens, idolis and mangenati were found with counts which ranged 
from 2 . 7 x 106 to 3 . 3 x 102 cells/g (36) . 
Research objectives. Since pathogenic bacteria of fecal origin may 
readily be found in foods, and since pathogenic obligately auaerobic 
bacteria are present in the human intestine in numbers as high as 101
1 
cells/g, it is possible that these anaerobes may also be found in and 
present a health hazard in foods. There are at present no published 
reports dealing with studies of this nature. To investigate the pos­
sibility of anaerobic bacteria existing in convenience foods, research 
in this study was conducted in two phases. 
In the first phase, experiments were conducted to detect the 
presence of any obligate anaerobes in convenience foods. In effect, 
the market quality of selected commercially prepared convenience 
foods such as frozen meat, poultry and fish pot pies or TV dinners 
was determined with regard to kinds and numbers of anaerobic non­
sporef orming and sporeforming bacteria. 
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The second phase of research in the present study was conducted 
to determine the effect of freezing and storage on known pathogenic 
anaerobes when added to foods. Selected obligate non-sporeforming 
anaerobes were added to convenience food samples in known quantities 
to determine the degree of bacterial hazard to consumers after con­
trolled freezing and storage. Factors affecting die-off of anaerobic 
pathogens which were determined include the effect of kind of food, 
type of organism, and the time and temperature of storage. 
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MATERIALS AND METHODS 
Source of cultures. The species of obligately anaerobic bacteria used 
in this study were acquired from the stock culture collection of the 
Anaerobe Laboratory at the Virginia Polytechnic Institute, Blacksburg, 
Virgina. The cultures were maintained on prereduced anaerobically 
sterilized (PRAS) chopped meat peptone broth at 24 C. Monthly transfers 
of the cultures were made by aseptic anaerobic inoculation into PRAS 
chopped meat peptone and incubated for 2 days at 37 C. Peptone yeast 
med_ium was also inoculated to confirm growth. 
The three main cultures used in this study, Bacteroides fragilis 
ss. fragilis, Peptostreptococcus intermedius and Peptococcus constel­
latus, were tested for validity by the VPI method of gas liquid chroma­
tography. The chromatography spectra appear in the appendix (Fig. 14, 
15) . 
Preparation of pre-reduced media. Pre-reduced, anaerobically sterilized 
(PRAS) media were prepared as described in the Anaerobe Laboratory Manual 
by the Virginia Polytechnic Institute (17) . The steps in PRAS media 
preparation are as follows: 
1. A boiling apparatus was constructed using a 500 ml erlenmyer flask 
with a 24/40 standard tapered top on which was placed a reflux chimney 
constructed of a 200 ml round bottomed flask with a 24/40 standard 
tapered neck affixed to the bottom of the flask. To the top of this re­
flux chimney, was added a plastic bottle fitted with a rubber stopper. 
A 1.0 cm hole was cut in the top of the plastic bottle to allow outflow 
of steam. 
13 
2 .  The dry ingredients recommended by VPI were placed in the boiling 
apparatus with distilled water, salts solution, resazurin, vitamin K1 
and hemin. The vitamin K1 (stock no. 1032 83) and hemin (stock no. 
1019 24) were purchased from International Pharmaceuticals, Inc. (17) . 
3. This assembly was placed on a magnetic stirring hot plate and the 
medium boiled for 20  minutes. 
4. Before the boiling assembly was removed from the hot plate, a can­
nula delivering a stream of oxygen-free C02 was inserted into the top of 
the boiling apparatus to prevent entrance of air. 
5 .  The boiling apparatus containing the reduced medium was then placed 
in an ice water bath and allowed to cool to room temperature. As the 
medium was cooling, granular cysteine-HCl was added to form a 0.05% 
solution. The boiling chimney was removed and a cannula was inserted 
into the neck of the flask to bubble C02 into the medium to exclude 
oxygen and to add co2 to the medium. 
6. The medium was adjusted to the recommended pH by the insertion of a 
single electrode into the medium and by the dropwise addition of SN NaOH 
or lON HCl. 
7. After the medium reaches room temperature, the gas was switched to 
oxygen-free N2 and the flow was adjusted to exclude air. 
8. A Cornwall syringe (10 ml Becton, Dickinson Co.) was affixed in the 
manner suggested by VPI, and adjusted to deliver the desired amount of 
medium to an anaerobic culture tube, either 18 x 142 mm or 25 x 142 mm 
(Bellco Glass, Inc. stock no. 2046-18142 and 2046 -25 142) . Amber gum 
rubber tubing was allowed to stand in a 0. 1% solution of cysteine-HCl 
when not in use on the Cornwall syringe to remove 02 from the rubber. 
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9. A cannula c ombined wit h  the med ia cannula was used t o  injec t bot h  
t he medium and oxygen-free N 2 into t h e  anaerobic cu l tu r e  t ube a t  t he 
same time. He re aga in ,  t he flow of N 2 was ad jus t ed t o  flush a i r  from 
the tube. 
10. The anaerobi c  cu l t ure tubes were ind ividu a l ly s t op p ered wi th buty l 
rubbe r s t op p er s  (B e l lco Glas s , Inc. s tock no . 1926-00001 a nd 1926-00004) 
as t he d ouble c annula was c arefu lly wi t hdrawn from e a c h  t ube t o  p r event 
t he e nt rance of air . 
11. Each r a c k  of anaerobi c cul ture t ube s was p lace d  in an aluminum 
clamp assembly , s imilar to tha t p roduced by B e l l c o .  (B e l l c o  Glas s ,  Inc. 
stock no . 7790-55555) . The c lamp assemblies 
·
we r e  t he n  t igh t ened t o  
prevent the rubber s topper s f rom blowing out during a u t oc lav ing and 
cooling . 
12 . S te r iliz at ion was carried ou t by aut oc laving a t  121 C for t he 
recomme nd ed t ime requ ired for each varie ty of medium . 
PRAS roll tubes . In p reparing P RAS roll tube s ,  t he a gar was we ighed and 
added t o  e ac h  t ube s ep arate ly p r ior t o  t he tubing of t he brot h. This 
was requi r ed be c ause agar s olid if ie s  at 42 C, t hu s  it c ou l d  not have 
bee n  ad d ed t o  t he brot h wh ich was cooled to room t emp er at u r e
� 
PRAS chopped meat med ia . Chopp ed meat P RAS m
ed i a  was p re p ar ed a s  s ta t ed 
in t he gene r a l  p rep arati on of P RAS media exc ep t t hat the h amburger wa s 
initia lly s t eamed in the presence of NaOH as d iscus se d  in t he
 VPI manual 
t o remove mos t of the f at by saponification. The brot h was then 
st rained f rom the hamburger us ing chee se c lot h and to
 it we r e  add ed t he 
recommended amou nts of dry and liquid ingred ie nt
s . The meat c hunks we re 
added to each tube separately prior to the tubing of the broth. 
PRAS dilution blanks. Ten ml PRAS dilution blanks were made as des­
cribed in the general preparation of PRAS media. Dilution blanks of 
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180 mls were reduced in the previously stated manner and the ingredients 
were included as specified in the VP! manual. Diluent was dispensed 
into 200 ml screw capped dilution bottles by the use of volumetric 
pipets made anaerobic by drawing into them a quantity of oxygen-free 
COz. A separate cannula was placed in the dilution blank bottle for 
flushing. After 180 mls had been delivered, the bottle was stoppered 
with a no. 3 rubber stopper. The bottles were then placed in a clamping 
apparatus and steamed for further reduction of the solution and to 
eliminate bacterial contamination. 
Preparation of carbohydrate concentrates for addition to basal media. 
Since it is unfeasible to prepare and keep on hand all of the most basic 
carbohydrate media, 2 3  in number, for biochemical tests in our labora­
tory, it was decided to make a concentrate of each that could easily be 
added dropwise to a tube of basal PRAS medium to transform it into a 
carbohydrate medium suitable and comparable to those used by VPI in 
fermentation tests. 
Five hundred mls of distilled water was placed in the boiling 
apparatus along with 2 mls of resazurin solution and boiled for 20 min­
utes. After cooling, 0. 2 5  g cysteine-HCl was added as the system was 
kept air-free by the flushing of oxygen-free COz. This reduced water 
was then anaerobically added in 10.0 ml aliquotes, by the use of the Corn­
wall automatic pipetting apparatus previously mentioned, to 1 3 x 125 DDll 
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screw capped test tubes. Each of the 13 x 125 mm tubes contained the 
predetermined amount of dry carbohydrate to raise the concentration of 
10 mls of distilled water to a concentration where by delivering a 10-
drop quantity from a pasteur pipette would introduce the required amount 
of carbohydrate into 5. 0 mls of basal peptone yeast PRAS medium to 
render it comparable in composition to that used by VPI, for example, 
a carbohydrate concentration of 1. 0% for glucose. The 13 x 125 mm 
screw capped tubes kept air out to keep the solutions reduced (17). 
Kopeloff modified gram staining method. As advised by the VPI manual, 
the Kopelof f-Beerman modification of the gram stain was followed in all 
gram staining. This procedure may be found on page 16 of the Manual of 
Microbiological Methods (37, 17). 
Gas liquid chromatography. The gas chromatograph used was the Dormann 
Anaerobic Bacteriology System (ANABAC) distributed by the Clinical 
Analysis Products Company (CAPC0) 9 Sunnyvale, California. This system 
employs a dual thermal conductivity detection system with a built in 
strip chart recorder. The prepacked columns used were 0. 25 in x 6 ft 
stainless steel packed with 15% CPE 2225 on 45/60 mesh chromosorb W-AW. 
Volatile fatty acids, non-volatile fatty acids and alcohol stan-
dards were provided by the CAPCO company. -, 
Conditions of the runs were as follows: Approximately 105 C column, 
140 c injection, 113 c detector, 95 ma. detector current, and a helium 
gas flow rate of 100 ml per minute at 18 lbs. 
All gas chromatography was run according to the establi
shed VPI 
procedure as follows: 
Vo lat i le fat ty ac ids and alcoho ls. 
1 .  Cul tures o f  t he organism t o  b e  tested were grown in PRAS p ep tone 
yeas t gluc o s e  f or e ight hours a t  37 C. 
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2. The cul t ure s were a c idif ied to a pH of 2 . 0 or b e l ow u s ing about 
0. 1 ml o f  50% aqueous HzS04 (v/v) per 6. 0 ml o f  culture . Thi s  is done 
to change all fermentat i on ac ids to  the free ac id f or m  so t hey are 
s o lub le in e the r . 
3 .  To a s topperab le container ,  2. 0 mls of the ac idifie d  culture wer e  
p ipet t ed and t o  t his , 1. 0 ml of ethyl e ther was adde d .  
4. Exces s NaCl was added t o  f orm a saturated s o lu t ion f or s alt ing out 
f a t ty acids .  
5. The solu t ion was then mixed 2 0  t imes by invers i on . The e ther layer 
was t hen pipe t t ed with a pasteur pipe t t e  int o  a s toppe r ed c ontainer con­
tain ing about 0. 5 g anhydrous granular MgS04 t o  remove wat e r . 
6 .  Af ter 10 minutes,  14 pls were injected into the gas chromatograph 
co lumn u s in g  a Unimetrics C orporat ion t e f lon t ipped p lu nger t yp e  50 pl 
glas s syringe (mode l no . 4050).  
Analys i s  of non-volat ile fat ty ac ids . 
1 .  To a s t opperab le cont ainer , 1 . 0 ml o f  the orig inal c u l ture was 
pipe t ted and to i t  were added 2.0 mls methanol and 0 . 4 mls o f  50% 
aqueous sulfur i c  acid. 
2. This s o lu t ion was then he ld· at 55  C by an aluminum temperature block· 
for 30 minutes.  
3. Aft e r  heat ing , 1 . 0  ml o f  water and 0.5 ml o f  chl�rof orm we·re added 
and the s olution mixed by inversion 20 t imes . 
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4 .  The 14 pl syringe was filled from the chloroform extract which lies 
directly under the aqueous layer. 
Transfer cannula apparatus used . A three place swing-type cannula was 
constructed as described in the VPI manual (17) . 
Methods for the determination of f acultative anaerobic growth in PRAS 
media with low carbohydrate concentrations. Selected pure cultures of 
f acultative anaerobes were inoculated into a tube of BHI (Dif co) and of 
non-reduced peptone yeast media to acclimate the bacteria to the medium 
and incubation temperature. The_BHI tubes were used as a control and to 
prepare an active culture as an inoculant. 
These cultures were incubated for 48 hours at 37 C.  Only tubes 
with a visible turbidity were used for the next inoculum. Cultures that 
did not grow well in peptone yeast (PY) medium were discarded. Two 
drops of PY inoculum from a pasteur pipette, from the peptone yeast 
turbid tubes were added to the corresponding tube of PRAS peptone yeast. 
This medium was exactly the same as what the inoculant was grown in 
except that it was reduced by boiling and had resazurin and cysteine-HCl 
as a reduction indicator and to keep it reduced. These tubes were then 
incubated at 37 C for 48 hours and was visually examined for quantity or 
turbidity of growth. 
Procedure for the immediate recovery of known numbers of obligate anae­
robes from a food sample. Samples of salisbury steak with gravy were 
purchased locally and used throughout these experiments. In o
ur anaero­
bic hood, 20 g of the food sample were added to 180 mls of anaerobi·c 
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d ilut ion b lank in the Osterizer blender jars. Anaerob ic bac te rial 
cultures were grown f or 24 hours at 3 7  C and added in 5 . 0  ml quantities 
to the f ood sample p lus the dilu t ion blank. To another Osteriz er blen­
der jar containi�g 180 mls of anaerobic d iluent was added 5 . 0  mls of the 
same cul tures but no food sample .  The jars were removed from the 
anaerobic hood and blended for three minu tes a t  alternat ing high and low 
speeds on the Ga laxey Osterizer. These diluted f oods were then serially 
dilut ed wi t h  0 . 1 ml inoculum in 9 . 9  mls of anaerob i c  di lu t ion b lank and 
added t o  duplicate BHIA roll tubes in the manner previously stated.  
Anaerob ic di lut ions were also made dire ct ly from 1.0 ml of the ini t ial 
inoculum and added serially to BRIA roll tubes .  All BHIA rol l tubes 
were incubated a t  37 C for 48 hours and the colon ies counted . 
Procedure for anaerob i c  colony count ing. Roll tubes were marked with 
spiral lines and counted at 40 X under an American Op t ica l  st ereo dis­
sect ion microscope lighted from both above and be low the stage • .  A wire 
support was used t o  hold the roll tube at a 30° angle t o  prevent the 
washing of col onies by the free wat er at the bott om of the tube s .  Tubes 
with counts between 30 and 300 colonies per tube were use d  t o  est imat e 
the cul t ural count s .  
Me thods f or isolation and enumerat ion of  anaerobic bac t eria i n  commercial 
conven ience food s using the roll tube technique . Th is invest i gat ion of 
convenience f oods involved both the roll tube technique and the anaerob ic 
hood me thod . The hood used in our lab oratory was construc ted of a 
flexible p last ic chambe r ,  85 cm x 50  cm x 5 0  cm , f i t t ed with a 35  cm x 
30 cm cylindrical air loc k .  A pair of flexible rubbe r gloves
 were 
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fitted into the side of the plastic chamber to allow manipulation of 
material. The atmosphere of the plastic chamber consisted of 45% N2, 
45% COz, and 10% Hz. The atmosphere was kept anaerobic by the action of 
H2 with Oz in the presence of palladium coated catalyst, producing 
water. 
Foods to be tested were placed in the anaerobic hood along with a 
triple beam balance and Oster jars containing 180 mls of sterile anaer­
obic diluent. These jars and diluent were prepared as described pre­
viously . Twenty grams of each food were randomly collected and weighed 
into the 180 ml diluent . After removing them f rom the hood, the samples 
were blended at alternating high and low speeds f or 3 minutes on a 
Galaxie Osterizer (model no . 457) . Anaerobic dilutions were made by 
placing a 9.9 ml anaerobic dilution blank under one of the cannulas of 
the three place swing-type cannula system already described in materials 
and methods, and transferring 0. 1 ml of the diluted f ood sample (also 
under a gassing cannula) with 1. 1 ml pipette, to the dilution blank. 
The pipette was initially flushed with C02 by sucking the atmosphere 
from the inside of the dilution blank under the gassing cannula. After 
the proper dilutions were made, 0. 1 ml or 1. 0 ml aliquotes of the dilu­
tions were anaerobically transferred to duplicate f luid-state BHIA roll 
tubes. The roll tubes and inoculum were then anaerobically stoppered, 
as stated in the VPI manual, and the agar plus inoculum rolled under a 
stream of cold running water to deposit a thin agar layer on the inside 
of the roll tube glass . The roll tubes were then incubated at 37  C for 
4 days and counts were estimated. 
Methods for enumeration of fecal streptococci. The decision was made 
early in this project to run fecal streptococci counts in parallel to 
any anaerobic enumerations of food. The multiple-tube technique given 
in Standard Methods for the Examination of Water and Wastewater 13th 
Ed. , 1971 page 689 , was followed closely as follows (1): 
1. Azide dextrose broth (Difeo) and ethyl violet azide broth (Difeo) 
were made according to directions, added in 10 . 0 ml portions to loose 
capped 16 x 150 mm test tubes and autoclaved at 121 C for 15 minutes. 
2 .  Dilutions of food samples to be tested were made by adding 1.0 ml of 
the 1:10 dilution of food to a 99 ml sterile aerobic dilution blank and 
mixed by shaking vigorously 20 times. 
3. Appropriate quantities of the dilutions were pipetted into five 
replicate tubes of azide dextrose broth. 
4 .  Incubation was carried out at 3 5  C for 48 hours. 
5. The tubes were then checked for turbidity and positive cultures were 
transferred with two sterile swab sticks to tubes of ethyl violet azide 
broth. 
6. These ethyl violet azide tubes were then incubated for 24 hours at 
35 C and checked for positive tubes, a purple button at the bottom of 
the tube or dense turbidity. 
7 .  Negative tubes were reinoculated and incubated in the same manner 
and again checked for positive growth . 
8. Positive tubes were recorded in their corresponding dilution and 
converted into the most probable number index (MPN) to be used in the 
MPN table in determining estimated counts. 
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Total aerobic plate count method. Serial dilutions which were made 
during roll tube enumeration of food samples were used simultaneously 
for the preparation of duplicate aerobic plate counts . Warm fluid BHI 
agar was poured over the sample solution in each plate and mixed by a 
figure eight motion. After cooling, the plates were inverted and incu­
bated at 37 C for 4 days. Colonies numbering 30 to 300 per plate were 
used to estimate the count of aerobic bacteria. The standard Quebec 
colony counter was used to make direct plate counts .  
Methods for the detection of obligate anaerobes among facultative ana­
erobes. Roll tubes containing colonies isolated from food samples were 
placed under a cannula delivering oxygen-free co2• Using a picking 
needle (Be.llco Glass, Inc . stock no. 7790-9999 9), all colonies of dif­
ferent morphological type were picked and streaked on aerobic BHIA petri 
plates and inoculated into chopped meat medium. At the same time the 
colonies were smeared on glass slides and gram stained according to the 
Kopelof f modification. The aerobic plates were inverted and incubated 
at 37 C for 4 days and observed for growth. 
Coulter Counter . Much work has already been published involving the 
Coulter Counter with the counting of aerobic and f acultatively anaerobic 
microorganisms (2 1, 10, 38). However, no reports were found dealing 
with the counting of obligate anaerobes with a Coulter Counter. 
The Coulter Counter determines the number and size of particle
s 
suspended in an electrically conductive liquid. The electric
ally con­
ductive liquid, also called an electrolyte or Isotone, cont
aining the 
particles (or bacteria) to be counted is forced throug
h a small orifice 
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i n  a 5 0  µ l  me tered quan t ity. There is a dif f erence in e le c t ri cal 
r esist ance be tween the elec trolyte and the par t i c les susp ende d  in it. 
When a p ar t i c le passes through the o rif ice , there is a change in resis­
t ance b etween two e le c t rodes, one located on e ither side of the ori fice . 
This p roduces a vo ltage p ulse corresponding t o  a single p article. All 
vo ltage p ulses are recorded and added on a decade count er .  The p ulses 
may also be viewed on an oscilloscope screen . 
The C oulter C ounter used in our labora tory was Coulter Coun t e r  
Mod e l  F with a 70 Jl ori f ice nosep iece , manufactured by t h e  C oulter 
E le c t ron i cs Inc . Hialeh , Flor ida .  
Me t hods used in finding Coulter Coun ter se t tings . Three se t t ings mus t 
b e  made on the Coul t e r  Counter to count par ticles. These are ap erture , 
a t t enua tion , and threshold. The aper ture set ting is the actual vo ltage 
b etween the two e le c trodes , the attenuat ion is the par t icle size sen­
sitivity , and the threshold is an adj ust ab le leve l t o  e l i mina t e  the 
count ing o f  interference , b ackground , or relative p ar t icle s iz e . 
Accor ding to the Coulter Counter manual, one must e xperiment with 
the mater ial to  b e  counted by . observing i t  at var ious set t ings on the 
osc i lloscope screen. The best aper ture and att enuat ion c omb ina t ion f or 
a par t icu lar par t i c le will give a readout of · one-half the heigh t  o f  the 
osci lloscope screen. The c omb ination which was f ound t o  be best was an 
ape r ture of  e igh t &nd an a t t enuat ion of one . Thi s  corresp onds t o  the 
f indings of Par ikh ( 31 ) . According to Naeve, this s e t t ing combina tion 
will allow the coun t ing of a range of particles f r?m ,5 t o  75 cub ic mic­
rons ,  the vo lume range in which bacterial par t icles f a l l  (29) . 
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For use in finding the proper threshold set ting, BHI broth was 
prepared by straining it with a 0. 45 µ Millipore filter and tubing it 
anaerobically. Several tubes containing this medium were inoculated 
with obligate anaerobes and incubat ed at 37 C for 16 to 18 hours. One 
cult ure was measured at both 16 and 18 hours. The cultures were diluted 
1 : 100 with lsotone. Triplicate counts were made on each culture at 
threshold settings from 1 to 13. A control count was also made on the 
broth alone. 
Method of comput er assisted graphing. All graphing in this investiga­
tion was accomplished through the use of a fourt h  degree polynomial 
interpolation and graphing program recorded in t he memory of a Hewlett 
Packard model 9830A mini-comp uter . 
Growth curves of twelve anaerobic bacteria. Because the Coulter Counter 
is a particle counter and not a viable cell counter, it was necessary to 
determine the approximat e mid-point in the growt h  curve of the anaerobes 
to be t ested, to prevent the count ing of dead cells at the late loga­
rithmic phase or stationary phase of the growth curve. 
Twelve anaerobes were chosen, gram stained according to the Kope­
lof f modification for purity. and inoculated into 5. 0 mls of Millipore 
filt ered anaerobic BHI broth. These cultures were serially transferred 
t hree t imes at 12-hour intervals to limit the number of dead cells. 
These cultures were then used to inoculate anaerobically prepared side 
arm flasks each cont aining 100 mls of Millipore filt ered PRAS BHI broth 
under an oxygen-free at mosphere of Nz. These flasks were 300 ml si�e 
screw topped erlenmyer side arm flasks, the top being stoppered with a 
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no. 6 rubber s t opper and the side por t plugged with a Vacuutainer tube 
st opper. The flasks were placed in a clamp and sterilized by auto­
claving for 15 minutes at 121 C. After inoculation the f lasks were 
incubated at 37 C and absorbance readings taken at 1-hour intervals 
and in some cases every 30 minutes at 500 � on a Bausch and Lomb 
Spectronic 20 . 
De termination of corre lat ion between Coulter Counter counts and roll 
tube counts .  To obtain a bet ter comparison between roll tube counts . 
and Coulter Counter counts ,  a conversion factor was needed which could 
only be secured by doing actual counts on the s ame organism at leas t 
three t imes . 
Three selected ob ligate anaerobes were each inoculated int o  
5 . 0 mls o f  Mill ipore fi ltered PRAS BHI broth and 
·
serially transferred 
it three t imes at the predetermined mid-growth curve time for each cul­
ture , to eliminate most of· the dead cells . One ml of each culture was 
then diluted 1 : 100 in lsotone to be counted with the Coulter Counter. 
Another 1 . 0 ml aliquot was serially diluted at the same time in 9 . 9  mls 
of PRAS dilution b lanks and added in duplicat e to BHIA roll tubes which 
were then mixed by swirling and rolled under cold running water. The 
roll tubes were then incubated at 37 C for 48 hours , and counts made. 
Methods for the preparat ion of inoculated foods s t ored at - 18 C and 
�· Cultures of selected ob ligate anaerobes were inoculated into BHI 
broth (Gibco)  and incubated at 37 C for 24 hours and gram stained us ing 
the Kopelof f modification to establish their pur ity . One ml of each 
was anaerobically trans ferred to a 250 ml erlenmyer flask containing 
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20 g of a food samp le overlaid by an oxygen-free atmosphere. F lasks 
stored for 1 week were overlaid with co2 while f lasks · s t ored for longer 
periods were overlaid with N2 . All containers were s ealed with no. 6 
rubber s toppers and mixed by vigorous ly shaking for 2 minutes. S amp les 
to be frozen were p laced in a -18 C freezer , while refrigerated samples 
were stored at +4 C. The count s at zero time were made before freezing 
by adding 180 mls of PRAS diluent and trans ferring this solution to a 
s terile Os ter b lender j ar .  All trans ferring was d one under the three­
place swing-type cannula delivering co2 • These samples were then 
blended for three-fourths of a minute at high speed. Because the 
blender j ar s  had been under the cannula , its atmosphere permitted 
b lending to be  accomp lished essentially anaerob ically. In some instan­
ces the oxygenated f ood would turn the indicator of the p oorly poised 
PRAS diluent to a p ink color. After b lending , the samples were anaero­
bically s erially diluted in 9. 9 ml PRAS dilut ion b lanks and aliquotes 
were anaerobically transferred to PRAS BHIA roll tube s and rolled under 
cold wate r. The tube s were then incubated at 37 C f or 48 hours and 
count s estimated. 
Each set of frozen samples were , at 2 week intervals , thawed at 
room temperature unt il no vis ible signs of frozennes s  remained (usually 
1 . 5  hours) . Af ter thawing , the samples were anaerob ically diluted and 
incubated in roll tube s. All samples were treated in the same manner 
for the s teps of inoculation , freezing , thawing and enumeration . 
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RESULTS AND DISCUSS ION 
The obj ect ive of this study was to determine if non-sporeforming 
pathogenic ob ligate anaerobic bacteria could be linked a s  a possible 
causitive agent for some of the unknown 56% of the f oodb orne disease 
outbreaks. This was accomplished in two phas es . First , selected 
samples of frozen or refrigerated convenience f ood s were analyzed for 
kinds and numbers of sporef orming and non-sporef orming ob ligate anaer­
obes . 
The second phase involved the addition of several known pathogenic 
obligate non-sporef orming anaerobes to various types of food in order 
to de termine their loss in viability at freezing and refrigeration 
temperatures over extended s torage times. Thus , the potential micro­
biological hazard for the consumer in regard to non-sporef orming obli­
gate anaerobes in convenience foods was estimated through experimenta• 
tion. 
Growth of f acultat ive anaerobes in PRAS media. An experiment was con­
ducted to inves tigate the possib ility that a comp le tely reduced basal 
medium such as peptone yeast (PY) with no added carbohydrate might be 
inhib itory against the growth of a facultat ive anaerobe , while at the 
same t ime act ively suppor t ing the growth of an ob ligate anaerobe . 
Twelve f acultat ive anaerobes were selected from our lab oratory culture 
collection f or this s tudy. As the results show (Table 1. ) ,  the faculta­
tive anae robes including Escherichia coli , S almonella typhi ,  S t aphylo­
coccus aureus and others , grew well in the aerobically prepared BHI. and 
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TABLE 1 .  Growth of f acultat ive anaerobes in PRAS pept one yeast b roth 
as compared to growth in aerobically prepared peptone y�ast 
and BHI broths 
BHI PY PRAS PY 
ORGANISM BROTH BROTH BROTH 
a 
Corvneb acterium xe rose ++++ +t-H- ++ 
Ent e rob acter aerogeneJ?_ ++++ +t-H- -H++· 
Es che rich ia � -t+++ +t-H- +H+ 
Gaf fkya tetragena
b ++ -I+ ++ 
Proteus morganii ++++- -H++ +f+ 
Salmonella tYJ)hi +I++- ++++ +H+ 
Sh igella flexneri +++ +H+ +++ 
Staphilococcus aureus +++ +H+ +I+ 
S t reptococcus b ovis ++ -H+ +++ 
WINE YEAST. I 2 ++ +++ + 
COORS YEAST ++ ++ + 
Saccharo!Elces f ragilis ++- +I- + 
a 
Turbi dity Yisually compared using ++++ for bes t growth , . +t+ for 
goo d growth , ++ for fair growth , and + for poor growth 
b Named accordin g to Be rgey ' s M�,ual of Determinative Bacteriology 
7th Ed. 
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PY broths . In PY medium with the same ingredients but produced anaer­
obically by boiling , f lushing with oxygen-free N2 , and the addition of 
cystein-HCl ,  it is evident that growth was almos t as good as in the 
non-reduced aerobi cally prepared medium. The wine and beer yeasts and 
Saccharomyces f ragilis show some inhibition by anaerobically prepared 
medium but not to  a great extent . 
I t  was concluded , therefore , that a low carbohydrate isolation 
media would not inhibit the f acultative anaerobes normal ly isolated f roa 
foods; therefore , an alternat ive method must be found to  differentiate 
facultative anaerobes from obli&ate anaerobes . The decision was then 
made to  adopt an anaerobic modification of the plate count method to 
enumerate b ac teria in food samples . Random colonies were p icked and 
tes ted for aerotolerance , thus an obligate anaerobe count was esti­
mated along with obtaining lsolates . 
I t  was determined by Vervaeke and Van Nevel that of the three 
methods tested , the Gas Pack anaerobic j ar by B ioquest ,  the roll tube 
method of Hungate ,  and the anaerobic ringed plate technique of Van Der 
Hyde , the roll tube method was determined to be the best of the three 
for the examination and isolation of the predominant bacter ia in the 
digestive tract of p igs (40) . The roll tube technique was therefore 
adopted for enumeration and isolation of bacteria in samp les of com-
mercial convenience foods . 
Experimental recovery of added anaerobic organisms using roll tube 
count ing techniques .  In these experiments , the obj ective was t o  deter­
. mine the ac tual loss of obligate anaerobes in the anaerobic dilution 
blanks , blender j ars , and roll tube techniques to be used for food 
sample analysis. 
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As shown in the table (Table 2 ) , in the particular experiment in­
volving Fusobacterium nuc leatum and Clostridium perfringens type D ,  
there was a loss in count of  about one-half a logarithm when the organ­
isms were added to the dilution blank plus 20 g of f ood and b lended . 
This loss was prob ably due to a number of factors inc luding the inhibi­
tion by the particular food of the organisms used and the physical 
damage caused by the blender. In tests using Bacteroid es fragilis ss . 
fragilis and Lactobacil lus catenaforme , the loss in viability was not 
nearly as much , a drop from ll o 5 x 108 cells /ml to 9 . 4  x 108 cells /ml . 
Again the act ivity of the blender and the inhibition by the food may be 
considered responsible. In both experiments ,  it is obvious that the 
greates t  drop occurs no t because of the dilution blank alone , but be­
cause of the combined action of the f ood sample and the blender . Essen­
tially , these experiments were conducted to show that if obligate anaer­
obe s were present in large numbers in a food samp le , the recovery tech­
nique used would detect the maj ority of them. 
Bacterial c ount s on commerc ial convenience food samples. These experi­
ments initially involved two procedures for the analysis of the b ac­
terial content of food samples . These were the total anaerobic roll 
tube count including the obligate anaerobes and facultative anaerobes , 
and the total fecal strep tococci. Later , aerob ic plate counts were 
added in parallel to the other two counts. 
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TABLE 2 . Imme diate recovery of known numbers of ob ligate anae robes 
f rom Sal isbury Steak 
Fus ob a ct e rium nucleatum + 
Clos t r i d:i. um pe rf ringens TYPE D AS INOCULUM 
DILUT ION BLANK + INOCULUM 
DILUTION BLANK + INOCULUM + 20g. FOOD 
Bact e ro i de s  _ fragilis Rs . fragilis · + 
�actob a c i lll_!.� .�aten a fo rme  AS INOCULUM 
DILUTION BLANK + INOCULUM 
DILUTION BLANK + INOCULUM + 20g. FOOD 





23. 3 x 10 
19 .9 x 106 
10 . 0  x 10
6 
11. 5  x 108 
11. 9  x 108 
9 . 4  x 108 
� . .  
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No obligate anaerobes were de tected us ing the te chnique of r andom 
p icking o f  co lon ies from diluted s amp les in r o l l  tube s . The values 
in the anae robi c count co lumn (Table 3) inc lude f acul t a t ive anaerobes 
as we ll a s  p o s s ible ob ligate anaerobe s . All colonies t e s ted p roved t o  
be f acul � at ive anaerobes by aerotoleran ce tes t s . Thi s , h oweve r , does 
not rule out the poss ibility that ob l igate anaerobe s  may be p re s en t , 
but i t  does ind i cate that i f  they are p resent , they are i n  such low 
numbe r s  that they could not be found by the random p i cking o f  colonie s . 
I t  i s  also evident that in such low numbers , they p robably would not 
cause a f oodborne i llness problem. Emphas is mus t be made o n  the f ac t  
that i f  obliga t e  anaerobes were present at levels o f  102 cells /g of  f ood 
samp le , they would be diluted to  ext inct ion at dilut i on s  of 10 3 to 
io 10 , the count levels at which many facultat ive b ac t er ial counts a ctu-
ally exis ted in these foods . 
I t  is  int e re s t ing to  note that mos t  of the f r o zen convenience food s  
3 
. 
8 tes ted f or a t o t a l  anaerob i c  coun t  ranged f rom 10 cel l s /g t o  10 cells /g .  
One exc ep t ion t o  this was a b rand o f  frozen p repared lasagna . In e ach 
me thod used to get a t otal count , the count s wen t  we l l  over the dilut ion 
used o f io lO for anaerobic count s ,  10 8 for total aerob i c  coun t s , and 
io lO for t o t al f ecal s t rep tococci. The p rocedures used in p ro cess ing 
the macar oni of this p roduc t were s ugges ted as the p o s s i ble s ource of  
c on t amina t .I..on .  
The re f r igerated hamburger and frozen f ish bact erial  c oun t s  were 
h i gher than other f rozen convenience foods , bu t this i s  t o  be e:>i.."Pe ct .ei 
due t o  the large 81.i rf ace area , and s torage and processing condit ions 0f 
these p roduct s .  
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TABLE 3 .  Evaluation o f  various comme rcial conveni ence foods for 




BEEF POTPIE 3 . 1  x io4· tl 
CHICKEN POTPIE 1 .0  x 104 
BEEF POTPIE 2 . s  x 103 
CHICKEN POTPIE 7 . 3  x 104 
LASAGNA )3.0 x 106 
SALI SBURY STEAK 6 .0 x 103 
TURKEY 6 . 7  x 104 
LASAGNA )3. 0  X · lOlO 





)3.0 x 108 
(3.0 x 10 4 
(3. 0  x 10 4 
. 5 
lo9 X 10 
a All values are viab le counts /g 
b Counts not made 
TOTAL TOTAL 
AEROBIC STREPTOCOCCUS 
COUNTS COUNTS · 
b 4 . 6  x 102 
b b 
b 1. 7 x 103 . 
b 1. 4 x 102 
b )3. 0  x 107 
1 . 5  x 104 1 . 0  x 101 
1 . 2  x 105 4 . 9  x 103 
)3.0  x ·  108 )3. 0  X 1010 
7. 7  x 106 s . o  x 103 
2 . 7 x 10 4 3. 3 x 102 
(J. O  X 10
4 (3. 0 x 102 
(3. 0  x 105 1 . 1  x 103 
3 . 5  x 10 3 2 . 3 x 10
2 
The fecal s treptococci counts in mos t  cases were 1 or 2 logarithms 
less in numbers in comparison to the total anaerob i c  counts . It  is 
evident in the food samples tes ted that the fecal s trep tococci count 
does not necessarily correlate with the total anaerobi c  count as indi­
cated in the samples of frozen fish and ref rigerated hamburger where the 
total anaerobic counts were higher but the f ecal s t reptococci count 
remained the same . 
Gram s t ains of  the var ious anaerobic colonies picked at random 
showed cellular morphology of small , medium, or large gram positive 
rods , of varying lengt s ,  gram positive cocci in tetrad s  and staphylo­
cocci like clusters , and small ,  medium , and large gram negative rod s  of 
varying lengths . The colonial morphologies covered the complete range 
of d iversities . 
Thus in phase one , no obligately anaerobic bac t eria were isolated 
or enumerated in the food samples tested us ing the method of random 
picking of colonies from roll tubes at countable dilutions . It was then 
decided to move in this s tudy to phase two , which involves the addition 
of known numbers of pathogenic obligately anaerob ic bacteria to com­
mercially prepared f ood s stored from 2 to 6 weeks . 
S ince this second phase of add it ion of anaerobes t o  foods involved 
or required the enumeration in viable cell count of many inocula ,  the 
Coulter Counter count ing method was examined as a t ime saving and more 
accurate me thod of enumerating cell counts in the inocula t o  be used . 
Growth curves of twe lve anaerob ic bacteria. Growth curves of twelve 
selec ted anaerobes were run specif ically to determine t
he midpoint in 
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the growth curve of each organism (Fig. 1 ,  2 ,  3 ,  4) . These midpoints 
were needed for Coulter Counter counting. In effect, it was important 
to know at what point in their growth curve would be best to count a 
culture to prevent the non-viable cells produced in the stationary phase 
from being included in the count. It is evident that obligate anaerobes 
conform to the typical growth curves of other bacteria. 
Coulter Counter counts. It was found, through counting several dif­
ferent anaerobic bacteria plus a control at various theshold settings 
(Fig. 5 ) , that the greatest number of cells were counted at threshold 
three with the least amount of background interference. 
In an experiment comparing Coulter Count.er counts with roll tube 
counts for 1 2 obligate anaerobes (Table 4) , it is evident that there is 
' no direct relationship between the two counting methods when considering 
the species tested. 
As seen in the result� (Table 5) , organisms counted with the Coul-
ter Counter compared with roll tube counts in triplicate also does not 
show a direct relationship. The reader should note that each pair of 
counts between the Coulter Counter and roll tube method are separate 
experiments. 
A growth curve comparison experiment between Coulter Counter counts 
and roll tube �ounts may be seen (Fig. 6) . Here Bacteroides fragilis 
ss. vulgatus has a higher roll tube count through the entire curve. The 
counts are identical at 0 . 9  hr of growth, but the difference rapidly 
increases with the roll tube count more than a logarithm higher
 at 6 . 2  
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C e l l  coun t vs. thre shold number for s e le c ted anaerob i c  b acteria . 
C ontrol = O ,  !· f r a gi l i s s s . fr a gi li s  at 16 hrs = A ,  B .  fragi lis  
s s .  the t ai o t a o rni c ro_!! at 1 8  hrs = T ,  B .  fragilis ss. fragili s at 
18 hrs = B ,  .£• s p o roge ne s  at 1 8  hrs = C ,  !• acne s at 18 hrs • P .  
TABLE 4 . Comparison between Coulter Counter counts 
count s us ing twe lve ob ligate 
ORGANISM 
Bacteroides f rag!lis s s .  
f ragi lis 
Bacteroides fragilis ss . 
thet aiotaomicton 
Bacteroides fragilis ss . 
vulgatus 
C los tri dium perfringens 
C los tri dium sporogenes 
Eub acte rium lentum 
Fus obacterium nucleatum 
Peptococcus cons te llatus 
Peptococcus ma1mus 
Pe:etococcus morb i llorum 
Peptostreptococcus 
intermedius 
P ropionib acte rium acnes 
a 6 





90 0 8  
93<>2  
90. 8  
81 . 1  
92 . 8  
5 o 0 
7 . 5  
36 o 9 
8 9 7 
S o 3 





2 7 . 0  
3. 1 
2 . 5  
19 . 0  
25 . 0  
15 . 0  
1 . 5  
11. 0  
0. 4 
3. 8 
29 . 0  
4 . 9  
41 




90 . 1  
88 . 3  
· 62 . 1  
67. 8 
lO o O  
6 0 0 
25 . 9  
8 .2 
1 . 5  
22 . 1  
3 . 1  
42 
TABLE 5 . Rep ro ducib ility o f  trip li cate Coulter C ounte r counts compared 




s s . f ragilis 
Peptococcus cons tellatus 
Peo t os t reptococcus 
intermedius 
• /  
COULTER COUNTER 
COUNTs · a · 
180 5 
� o 9  
640 1 · 
Slo l 
6�ei l  
67" 8 
a 
Each value rep resen ts a separate culture 
b All numb e rs are viab le counts at 106/f'Al 
ROLL TUBE 
. · coUNTS . . . . . 
2380.0 
27·. 0  
339 .0 
130 . 0  
11.0 
70 . 3  
29 . 0  
231.0 
113 . 0  
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method and roll tube Pig. 6 .  Comparison between the Coulter Counter 
meth od for cell counting in the growth curve 
s s . vulgatus . Coulte r Counter coun ts /ml • C ,  
of B .  fragilis 
rol l  tube counts 
/ml • R . 
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Because of these great discrepancies in counts between the two 
methods , it was decided not to use the Coulter Counter to count cell 
inocula for freez ing experiments as initially intended . The reasons for 
the large discrepancies be tween the two counts is unknown but may be 
at tributed to  a presence of non-viable cells being counted as in the 
case of higher Coulter Counter counts . Another reason may be that with 
the threshold set at three , a number of cells are probably eliminated 
along with the b ackground . A combination of these two factors may con­
tribute to intermediate differences � 
In all experiments us ing the Coulter Counter , the background count 
of the control (0 . 45 µ Millipore fi ltered PRAS BHI broth) ranged from 
0 . 3 x 106 to 0 . 5  x 106 part icles /ml . Although these p articles were 
smaller than bacteria , they were included in counts made by the Coulter 
Counter . 
Preliminary one week freez.ing experiments with twelve obligate anaerobes 
in hamburger . The purpose of these experiments was to determine if 
there were any particular organisms or groups o f  organisms among these 
12 select ed anaerobic pathogens that were exceptionally res istant or 
sens it ive to freezing and thawing in a 1-week t ime period . As shown in 
the results (Table 6), percent loss ranged from 96.8% to 34 . 0% with no 
apparent res ist ance groups . Two organisms , Bacteroides fragilis ss . 
fragilis and Eubacterium lentum had the lowes t  percentage o� loss . 
From these results were selected three obligately anaer
obic patho­
gens to be used in later experiment s involving three diff
erent f oo�s 
s tored at refrigerat ion temperature for 2 weeks and 
freezing temperatures 
TABLE 6 .  Viab i li ty o f  twelve ob l i ga t e ly anaerob i c  b acteria s tored at - 1 8  C for one week 
in hamb urger 
INITIAL FINAL 
ROLL TUBE ROLL TUBE NUMERICAL PERCENT 
ORGAN I SM COUNT COUNT DIFFERENCE · LOSS 
Bact e roide s fragi li s  s s o 2 7 . 08 26 . 00 1 . 0 4 3 o 7 
f ragi li s  
B act e roides f ragi lis ss o 3 . 1  0 . 06 3 o 0  96 � 8  
the t ai o t aomi cron 
Bac te roide s f ragi li s s s .· 2 . 5  0 . 13 2 . 4  9 4 0 8  
vulgat us 
C los t ridium per f rinSens 19 . 0  O o 30 18 . 5  9 7 o 9  
C los t ridium sporogene s 2 5 00 0 . 001 25 . 0  99 o 9  
Eub acterium lentum 15 . 0 9 . 90 S . l  34 . 0  
Fus ob acterium nucle atum 1 . 5 0 . 001 l . S  99 . S  
Pept oco c cus conste llatus 11 . 0  2 . ao 8 . 2  74 . 8  
Peptococcus magnus 0 . 4b a. so 8 . 4  b 
Pept ococcus morb i llorum 3 . 8 0 . 90 2 . 9 76 . 2 
Pepto�ptococcus 29 . 0 3 . 20 2S . 8  88. 9  
in te rmedius 
Pro�ionib acterium acnes 4 . 9b · 12 .00 7. 1 b � ; 
a 6 b \J1 All values are at 10 /g, Laboratory accident 
46 
for 6 weeks (Fig . 7) . These organisms , Bacteroides fragilis s s . 
fragilis , Peptos treptococ cus intermedius and Peptococ·cus constellatus , 
were chosen on the bas is of their record of being highly pathogenic 
where anaerob i c  infections are involved and their res istance to freezing 
and thawing conditions as demonstrated in this experiment . 
These stud ies have . shown that all of the 12 obligate anaerobes 
tes ted can withs tand storage at -18 C for 1 week , and thawing with a 
loss in viability within a range of 2 logarithms t o  les s than one-half 
a logarithm. 
Viab le counts of three ob ligate anaerobes stored at low temperature for 
6 weeks in three foods . These s tudies (Fig . 7) were conducted to inves­
tigate the possib le bacterial hazards to the consumer as the result of 
the survival of  large numbers of ob ligate anaerobes after freezing , 
st orage , and thawing of convenience foods . 
In the figures (Fig . 8 �  9 ,  10 , 11 , 12 , 13) , the curves of cell die-· 
off versus t ime in days for all cultures involved in each f ood tested , 
begin at a high level and then rapidly drop about 1 logarithm to a point 
at about 2 weeks from zero t ime . At this time the curves then level off 
with a less rapid decline in cell viability . During the next two sam­
pling periods , or within 4 weeks , less than a logarithm drop in count is 
evident and a very noticab le leveling off of all curves may be seen in 
the t abulated results (Tables 7, 8 ,  9) . The actual percentage loss 
between sampling periods does not decrease but in mos t  cases remains the ­
same . Rather , what is occurring is that at each samp ling period , � lower: · 
number of viab le cells remains to be counted than the prece
ding period .  
4 wks 4 wks . 
. •  6 wks 6 wka .  6 wka . 
THREE SELECTED ORGAN ISMS 
6 vka 
A STA!\DARD 
METl tOD OF 
TNO(l1L .\T 10N 
Pcpt< •s  t re o t o c o c c u s  
inte rme d ius 
6 uks. 
fl :t C t P r O f  1 l c s  f r:tef l f s  
H f: • f r a C l l I �; 
0 
2 wks . REP . 1 2  wks 
4 wks . 4 wks 4 wks . 4 wka . 
� wks ., 6 wks 6 wks .  6 wk• • 
FIG . 7 .  A flow diagram involving three ob ligate anaerobes s tored at - 18 C and t 4 C in 
three foods 
a 
Storage at - 18 C 
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Time in day 
Viab i lity of . three anaerobes s tored at -18 C in chicken 
po t p i e . B .  fragilis ss . fragilis = B , .!:· cons tellatus • � .  
P .  in terme d i us = I . 
TABLE 7 .  Viab ility o f  Bactero i de s fragilis e s .  fragilis in three selected foods after storage 
at -18 c .  
ORGAN ISM TIME 
IN DAYS HAMBURGER 
a 
Bacteroides f ragilis 0 370 . 0 
es . fragilis 
14 . .  9 8 a 0  
2 8  3 1 . 1 
42 14 e 9  
AVERAGE % LOS S  
. BETWEEN SA�IPLING PERIODS 
TOTAL % LOS S  
a 6 
· All counts are at 10 / g 
% LOSS 
7 3 . 5 
6 8 a 3 
5 2 a l  
64 0 6 . 
96 � 0 . 
MIXED CHICKEN 
VEGETABLES · · · % LOSS · · · POT P IE 
381 . 0  
9 l o 0 
s a g o  
26 ci 5 . 
76 . 1  
36 . 3  
54 . 3 •  
55 a 6 
· · · · 9 3 e 0 
265 . 0  
22 1. 0 
12l g 0  
134 . 0  
- - - - - - - - - -
% LOSS 
16 . 0  
45 . 2  
+10 . 7 
30 0 9 
49 . 4  
VI .i:--
TABLE 8 .  Viability of  Peptost rept ococcus intermedius in th ree selected foods a f ter s torage at 
- 18 c .  
ORGANISM TIME 
IN DAYS HAMBURGER 
a 
Pe2tostre2tococcus 0 118 . 0  
intermedius 
14 17 . 1  
28 1 7 ., 0  
42 7 Q 6 
AVERAGE % LOS S  
BETWEEN SAMPLING PERIODS 
TOTAL % LOSS 
4 6 
All counts are at 10 /g 
b From a ainale co\Ult 
MIXED .CHICKEN 
% LOSS · · " VEGETABLES · x LOSS · · · POT PIE · · % LOSS 
122 . 0  100 . 0  
85 o 5  46 � 0  b 62 . 3 5 1 . 0
b 
49 . 0 
0 . 6  26 o 3 42 0 8  2 4 . 8 5 1 . 4  
55 . 3  9 0 6 ' 6 3 o 5 10 11 9  56 . 0  
41 . 1  56 . 2  52 (p l  
9 3 6) 6  . . . . . · 92 . 1 89 . l  
\J1 V1 
� ·  
i 
TABLE 9 .  Viab i lity o f  Peptoco ccus cons te llatus in three selected foods af ter s torage at - 18 C 
ORGAN ISM TIME 
IN DAYS HAMBURGER 
a 
Pe2tococcus 0 9 4 . 5 
constellatus 
14 32 . 0  
2 8  12 . 9  
42 8., 2 
AVERAGE % LOSS 
BETWEEN SAMPLING PERIODS 
TOTAL % I.ass . . 
a · 6 
All counts are at 10 /g 
b rrom a single count 
I�� 
MIXED CHICKEN 
% LOSS . .  ' VEGETABLES . .  ' % ' LOSS . .  · par PIE . .  % LOSS 
6 6 . 4  so . o  
b 
66 . 1  5 8 . 0  12 . 6  14 . 7  70 0 6  
59 . 7  1L 2 80 . 7 12 o 2  17 . 0  
36 . 4  • 4 0 6 5 8 . 9  · 4 @ 5 . 6 3 . 1 
54 o 0 50 . 8  50 o 2  
91� 3 . . . ' . ' . ' ' ' ' . ' . ' . . .  93� 1 . .  ' .
.
. . · 9100 
\JI °' 
;· 
Consequent ly there is a decrease in the actual numerical cell loss 
s imply be cause there are a lower number of viable cel ls . This then 
explains why the f irst segment of the die-off curves are relatively 
s teep and the second segment shows a leveling off effec t .  
Another contribut ing factor t o  the initial rap id los s in viability 
is the fact that the viable cell count t aken at 0 t ime was an initial 
count of an unfrozen food sample . In other words , the combined ef fects 
of freezing , thawing , and s torage are acting together to give the low­
ered second week count . 
It is obvious that of the three foods tes ted , chicken pot p ie 
give s the mos t p rotect ion to each of the three organisms tested (Tables 
7, 8 ,  9) . In the case of each food tes ted with each organism , the total 
percentage los s is less with chicken pot p ie .  Hamburger and mixed vege­
tables seem to be about equal in offering protect ion agains t los s  of 
viab ility in f reezing . 
The calculated average percent loss in the three f oods tested for 
Bacteroides fragi lis ss . fragilis was 79 . 5% ,  for Peptococcus constel­
latus 9 1 . 8% ,  and for Peptostreptococcus intermedius a 9 1 . 6% loss . This 
indicates that Bacteroides fragilis s s .  fragilis is the most resistant 
of the three organisms t ested to freezing , thawing , and storage . The 
two genera of anaerob ic cocci seem to be about equal in this respect . 
The range in average percent loss between sampling periods was 
calculated to  be 30 . 9% to 64 . 6% .  The mean of the average percent losses 
between sampl ing periods was found to be 5 1 . 3% for all organisms tested 
at -18 c .  The overall total 6 week percent loss was 87 . 6% .  
... 
58 
The experiment s involving three anaerobic organisms stored in the 
three foods and he ld at a refrigeration temperature of +4 C (Tab le 10) 
ind icate that a high meat protein food , such as hamburger , of fers the 
mos t  low t emperature storage protect ion as indicated by an average 78. 8% 
los s for the three organisms . Chicken pot pie offers the least pro­
tection with a 9 6 . 3% loss  average for the three organisms . For all 
three foods , the average calculated percent loss f or Bac teroides fra­
gilis s s . fragi lis was 83 . 1% ,  Peptococcus constellatus was 9 3 . 2% , and 
Peptos treptococ cus intermedius was 90 . 6% .  Here again , Bac teroides 
fragilis s s . fragilis is most resistant to low temperature storage , 
while the two anaerob ic cocci are about the same in res istance to low 
temperature refrigerated storage . The overall total percent loss for 
the three organisms in the three foods s tored at +4 C f or 2 weeks was 
88 . 9% .  It  is interesting to note that the 2-week percent loss was found 
to average 5 1 . 3% for these same organisms stored in the same foods . 
I t  is evident that at least one-eighth of the initial viable cells 
remain after 6 weeks of storage in a food at -18 C. If a certain food 
containing high numbers of obligate anaerobes was allowed to s tand after 
thawing and a mild heat treatment , food poisoning or infection could 
resu lt .  
Summary . Es sentially ,  this study was performed in two phases . In the 
first phase , various commerc ial convenience f oods were analyzed for 
kinds and numbers of  obligate anaerobes .  No obligate anaerob
es were 
found among the high counts of facultat ive anaerobe s  b
y the method of 
· random pfcking of colonies in the 13 foods tested . Th
is indicates that 
TABLE 10 . Viab i l i ty of three an ae robes in th ree s e lec ted foods after s to rage at + 4 C 
ORGANISM .TIME MIXED CHICKEN 
IN DAYS HAf.IBURGER % · LOSS · · VEGETABLES · %  LOSS · · por PIE % LOSS 
a 
Bacteroides f ragili& 0 370 e 0  381 . 0  265 . 0  
s s . f ragilis 
14 164 . 0  55 . 7  20 e 4  94 e 6 3 o 0  9 8 . 9  
Peptococ cus 0 94 o 5  66 . 4  50 . 0  
cons te llatus b b 
14 15 .. 1 84 1l 0  2 C) 6  96 . 1  O o 3 99 . 4  
PeEtos t re�tococcus 0 118 0 0  112 . 0  100 0 0  
intermedius 
14 3 . 8 9 6 . 8 18 . 8  84 . 6  9 . 5  90 . 5  
AVERAGE % J,,OSS 78. 8 91 . 8  96 . 3  
a 6 All counts are at 10 /1 




obligate anaerobes were not present in numbers as high as f acultative 
anaerobes , but it is not known if they were present in low numbers , 
possib ly less than 103 /g .  More work is needed us ing a different method 
of analys is to determine if any ob ligate anaerobes actually are present 
in low numbers in convenience foods . One suggested method of detec­
ting ob ligate anaerobes in low numbers might be an anaerob i c  modifica­
tion of the rep lica p lating method of Lederburg and Lederburg . 
In the second phase , known numbers of ob ligate anaerobes were 
added to  dif ferent foods and stored at -18 C for 6 weeks and other 
samples at +4 C for 2 weeks . Here it was found that of the f oods 
tested , chicken pot pie offered the greatest protection f or the orga­
nisms used , at -18 C .  At +4 C it was found that hamburger offers the 
mos t low temperature protection for the anaerobes tes t ed .  The d ie-off 
curves of the organisms tested in each food follow the same trend ; 
there is ini t ially a sharp decline in numbers that gradually levels 
off to an almost horizonta
·
l slope in 6 weeks . Of the anaerobes tested , 
it was found that Bacteroides fragilis ss . fragilis is the most  resis­
tant organism with respect to viability loss in f rozen s torage . 
From the results of this study , it is evident that at least one­
eighth of the original numher of anaerobes are viab le af ter 6 weeks 
of frozen st orage . This should be adequate cause for concern for the 
producer as well as the consumer , because without proper precaut ions , 
a large number of  obligate anaerobes could be  ingested with a conve-
ience food and cause a foodborne illness .  
CONCLUSIONS 
1 .  Facultative anaerobes were found t o  grow as well in low carbo-
hydrate PRAS basal medium as ob ligate anaerobes , thus low carbohy­
drate PRAS b asal medium did not have a differential s elective advan-
tage . 
2 .  The me thod of random picking of colonies from s erially diluted 
f ood samp les in roll tubes was inadequate for isolating and enumer-
ating ob ligate anaerobes in low numbers f rom convenience foods when 
they are in the presence of higher numbers of f acultative anaerobes . 
3 .  Ob ligate anaerobes were not f ound in the 13 types of commercial 
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convenience foods tes ted at the dilut ions used . However , facultative 
anaerobes were found at various viable counts /g such as ; beef p ot p ie 
at 3 . 1 x 104 ,  chicken pot pie at 7 . 0 x 104 9 hamburger at 1 . 8 x 106 , 
lasagna at  greater than 3 . 0 x 1010 . 
4 . Although ob ligate anaerobes were not found in large numbers us ing 
the roll tube count , the possibility is not ruled out that ob ligate 
2 anaerobes may b e  present at viab le counts of 10 /g or less in certain 
convenience foods . 
5 .  Of the foods tested , there was no correlat ion f ound between the 
total anaerob ic counts and total strep tococcus counts . 
6 .  The deviations between Coulter Counter counts and roll tub e  counts 
were too great to allow the use of the Coulter Counter for counting 
anaerobi c  bacteria in PRAS BHI broth inocula . Wi th more invest igation 
on this subj ect , a correct ion factor could be developed with confidence 
limits to be applied to the dif ferences between the two counting methods . 
7 .  The growth curves of obligate anaerobes in PRAS BHI broth were 
found to be comparable in form to aerobic organisms . 
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8.  Of the 12 ob ligately anaerobic bacteria tes ted f or viability after 
storage at -18 C for 1 week in hamburger , Eubacterium lentum and Bac­
teroides fragilis s s o  f ragilis were found to be the mos t viab le .  The 
maj ority of the other anaerob ic bacteria tes ted decreas ed approximately 
2 logarithms in ce ll viability . 
9 .  It was f ound that when ob ligate anaerobes were s tored at -18 C in 
hamburger , mixed vegetables , and chicken pot pie for longer than 1 
week , an average percent loss in viab ility of  5 1 . 3% was observed at 
each 2 week samp ling period . 
10 . The overall loss in viable numbers of Bacteroides fragilis ss . 
fragilis , Peptost rept ococcus intermedius , and Peptococcus constellatus 
stored for 42 days at -18 C in hamburger , mixed vege t ab les , and chicken 
pot pie was 87 . 6% .  
11.  The above bacteria stored for 2 weeks in the above commercial con­
venience foods at +4 C lost 88 . 9% of their viab le cell count . 
12 . Of the three f oods tested j chicken pot p ie g ives the mos t  protec­
tion to each of the three organisms tested at -18 C .  
13 . At +4 c ,  i t  was found that hamburger offers the mos t  protection 
agains t viab i li ty loss of the anaerobes tes ted and chicken pot pie the 
least . 
14 . Of the three ob ligately anaerobic bacteria test ed , Bacteroides 
fragilis ss . fragilis was found to be the most resistan t  to both -1
8 C 
and +4 C storage t emperatures . 
6 3  
15 . It may be concluded from the above that at 2-week intervals the 
viab le ce ll count is reduced by approximately 50% for anaerobi c  bac­
teria stored at - 18 C in convenience foods thus , af ter 6 weeks of 
st orage at - 18 C in a food , one�eighth of the init ial viab le cell 
count remains . This may be suff icient cell survival to b e  responsible 
for food poisoning if the f oods are inadequately prepared by the con­
sumer and producer . 
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APPENDIX 
Carb ohydrate concentrates made in our laboratory as compared to carbo­
hydrate med ia us ed by VP! . In an attempt to find a better method of 
producing the 23  various carbyhydrate broths for b iochemical dif f eren­
tiat ion as described in the VPI manual , it was found that concentrates 
of these carbohydrates are quite useful . These concent rate s , whi ch are 
made separately from the PRAS peptone yeas t basal medium ,  are added in 
dropwise quantities to a 5 . 0 ml standard basal medium tube when that 
particular carbohydrate test is desired . The advant age of this method 
over the VPI me thod is that only the small tube s of concentrates need be 
prepared and stored ins tead of 23 racks of d ifferent broths which mus t  
be refrigerated . This method would be especially useful to a small 
clinical laborat ory . The comparison of results of the carbohydrate 
concentrates used on three obligate anaerobes with the results of VPI 
(Table 11) show very little difference . The inconsis tencies that do 
exis t are due t o  s train variat ions . 
TABLE 1 1 .  Comparison b e tw e e n  o u r  carb ohyd rate . conce n t rate me thod and t h e  VP I  method for 
b iochemical t e s t i n g  us ing th ree ob l i ga te ly anae rob i c  o rgan i s ms 
Fus ob ac t e ri um Bacte roides C los tri dium 
n uc leatum f ragi liS'SS. fragi lis spor_g_genes 
A RAB IN OSE 6 . 1  - (ours ) - (VPI ) 5 . Bw w - 6 0 2 
CELLOBIOSE 6 . 2  - - 5 . 9 w _w 6 . 1  
ESCUT..IN pH 6 . 1  - - 5 . 7  w _w 6 0 4  
ESCULIN HYDllOLYSIS - - - + + + + + + 
FRUCTO SE 6 . 1  _ a  5 . 1  a aW 6 . 0  - w 
GLUCOSE S o 9  w _w 5 . 1  a aw 5 o 7 w w-
GLYCOGEN 6 0 1 · 5 . 9 
a 6 0 3  - - w w 
INOS ITOL 6 . 1  - - 5 . 8  w .. 6 0 3 
LACTOSE 6 . 1  - - s . o . a wa 6 . 3 
MALTOSE · 5 0 9 w - 5 e 0 a aw s . a  Vil -"' 
MANN ITOL S o 9  w - 5 0 8 w .. 6 0 2  
MANNO SE 6 . 1  - - 5 . 2  a aw 6 . 2 
RAF F INOSE 6 0 1  - - 5 . 1  8 a"' 6 . 3 
SAL IC IN 6 . 1 - - 6 0 0  - - 6 . 2  
SORB ITOL 5 o 9 w - 5 . 8  w ... 6 . 0 
STARCH pH 6 . 0  - - 5 . 8 w aW 6 . 1  
STARCH HYDROLYSIS - - - - - + 
SUCRO SE 6 . 1 - - s . o  a aw 6 . 3  
XYLO SE 6 0 1 - - s . o  a aw 6 . 2  
GELATIN - - _w - - _w + + + 
INDOL - - + 
NITRATE 
-
CODE : pH 6.0  and above • NEGATIVE , pH S . 5  to 6.0  • WEAK  ACID (w) , pB 5 . 5  and below • STR<BG ACID (a) 
• A euperacrip� ayui>ol indicates some s traina react differently 
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ISB = Isobutyric 
B = Butyric 
ISC = Isovaleric 
V = Valerie 
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Fi g . 15. Non-vo latile fatty acid chromatographs ; top = standard , top 
ri ght = P .  in te rme di us , bot tom le ft = B .  f ragilis ss . 
fragilis-:- bot.tom right = !· constcllatus .  
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